Abstract-This paper proposes a novel morphological approach for segmentation of document images in the National Institute of Standards and Technology (NIST) Database. Document Image Analysis involves transformation of any information presented on paper into an equivalent symbolic representation accessible to computer information processing. For better storage and intelligent processing, information presented on paper is now being converted into electronic form. This needs processing of documents using image analysis algorithms. The morphological approach quantitatively describes operations effective for the shape of objects in an image. The mathematical morphology describes such operations by combinations of basic set operations between an image and a small object called a structuring element. The segmentation oriented geometrical features such as size, shape, contrast, or connectivity are efficiently dealt in mathematical morphology. In this paper, morphological approach is used for segmenting the document images. The performance of the proposed method has been evaluated using many text documents. The National Institute of Standards and Technology, Technology Administration, U. S. database of document images has been used in order to carry out experimental work. The image document database used is NIST DATABASE, Federal Register Document Image Database. NIST Special Database 25 -volume 1.(NISTIR 6245). The proposed technique has been tested for various documents like multi-column, multi-article, multi-font, multi-orientation and promising results are obtained. At the end the obtained performance is also compared with other well-known page segmentation algorithms.
INTRODUCTION
Document Image Analysis (DIA) [1] [2] [3] [4] [5] for information extraction is gaining immense importance. The information which is conventionally stored on paper is being converted into electronic form for better storage and intelligent processing. This includes information extraction [1] from document images. In order to achieve this, documents are processed using image analysis [6] [7] [8] [9] algorithms. Document Image Analysis is a subfield of digital image processing [6] [7] [8] [9] . This involves conversion of document images to symbolic form for modification, storage, retrieval, reuse and transmission. Document image analysis facilitates the transition from bookshelves and filing cabinets to the paperless world. Document Analysis aims at transformation of any information presented on paper and adjust to human comprehension into an equivalent symbolic representation. This symbolic representation is accessible to any kind of computer information processing. The degree of perfection as compared with human being needs to be improved. Specialized tasks are involved in this process but technology has been able to solve this problem partially. The problem is solved to some extent with the help of high resolution scanning devices and increasing availability of computing power. This leads to accurate document analysis which facilitates high level of office automation, document analysis, document understanding [10, 11] , Optical Character Recognition (OCR) systems, text reading and so on.
DOCUMENT IMAGE ANALYSIS
A document is a written or printed paper that bears the original, artificial or legal form of data and can be used to furnish decisive evidence or information required. We encounter a wide variety of documents in our daily life. For e.g. the documents used to communicate information in the form of letters and newspapers, archived documents for later validation or use. The conventional documents are now being replaced by electronic documents. The challenges associated with processing of such electronic documents are considerably different from that of information extraction from digitized or converted electronic documents. Bioinfo Publications
The office automation systems are leading us to paperless offices which facilitate digital storage of documents. This helps in easy manipulation (modifications & searches) of documents and preserving the documents for longer period. For successful implementation of office automation systems, there is an increasing demand for tools that can digitize, recognize, search and retrieve the information. The demand for tools that automatically extract, analyze and store information from physical documents for later use is increasing. These activities come under the field of Document image analysis, one of the fast growing research area. Document image analysis refers to the processing and understanding of contents of documents. Document Image Analysis means algorithms and techniques that are applied to document images to obtain a computerreadable description from pixel data [1, 2] .
Text Document Analysis
There are two main types of analysis that are applied to text in documents. One is optical character recognition (OCR) to derive the meaning of the characters and words from their bit-mapped images, and the other is pagelayout analysis to determine the formatting of the text, and from that to derive meaning associated with the positional and functional blocks (titles, subtitles, bodies of text, footnotes etc) in which the text is located. Layout analysis techniques are applied to formatted, machine-printed pages, and a type of layout analysis, forms recognition, is applied to machine-printed or handwritten text occurring within delineated blocks on a printed form. In some cases it is necessary to correct the skew of the document which is typically a result of improper paper feeding into the scanner. The main aim of document image analysis is to recognize the text and graphics components in document images and to extract the intended information as a human would extract.
Challenges in Document Image Processing
A newspaper image requires several mega bytes of storage space to represent in binary form. The storage space can be drastically reduced if these document images are compressed. This allows easy manipulation of the content for many applications such as word processing and information retrieval. A document image analysis system can be employed to solve the problem of searching all relevant information about a particular individual from the huge newspaper archive. The major challenge in document image analysis is to locate text image blocks and tables, and defining appropriate algorithms for the same. Obviously this involves a number of preprocessing, segmentation and classification steps. Beginning with the input image the document image analysis system initially tries to cancel out the noise effect and does the necessary geometric corrections. It is difficult for the computer system to identify the boundaries of an image and separate it from the textual region. Identification of table boundaries, graph boundaries and the text boundaries, and developing corresponding algorithms for table analysis, text, graphics and character recognition are some of the challenges which are to be faced in document analysis. Preprocessing consists of a series of image-to-image transformations. It helps to extract the contents of the document. The preprocessing involves compressed representation, Filtering, Binarization, Skew detection and correction.
Page Segmentation
Page segmentation is the process of partitioning of a page image into several rectangular regions each of which contains a unique type of data such as text-lines, line drawings, pictures, etc. A page may contain both horizontal and vertical text-lines [12, 13] . Because of the allowance of such layouts, fragmentation is not tolerated due to spurious vertical cuts for horizontal textlines and the same for vertical text-lines. But in the case that several text parts are placed far apart in the same text-line, separation of these parts is tolerable. Such cases are often found in the header or footer in some page layouts. Text can have various fonts and their size may vary arbitrarily within the page. Here it is assumed that documents are scanned without severe tilt (skew), i.e., a page can be separated by right rectangle regions [14] . One of the essential issues in document analysis is the ability to handle multi-article documents containing figures and photographs. Generally a document has a visual hierarchical structure in its layout. This is called geometric structure [1] where, the hierarchy of which can be represented by a tree. Document analysis extracts this structure as a model for relationships between characters, lines, columns and a page [12] [13] [14] . A description for configuration of articles and their components, called logical structure [1] which orders the reading sequence.
MORPHOLOGICAL DOCUMENT IMAGE SEGMENTATION
The morphology approach quantitatively describe operations effective for the shape of objects in an image [13, [15] [16] [17] . The mathematical morphology describes such operations by combinations of basic set operations between an image and a small object called a structuring element. It is very attractive for this purpose because it efficiently deals with geometrical features such as size, shape, contrast, or connectivity that can be considered as segmentation oriented features. One of the advantages of using morphological approach is its low computational cost. The simplification for segmentation can be efficiently achieved by filters based on opening and closing by partial reconstruction. The size of structuring element is progressively decreased to allow the introduction of more local information to improve the segmentation [13, [15] [16] [17] . Mathematical morphology is closely related to integral geometry. It quantifies many aspects of the geometrical structure of images in a way that agrees with human intuition and perception. Mathematical morphology has been widely used for many applications of image processing and analysis [6] [7] [8] [9] processing can be employed for many purposes including pre-processing, edge detection, segmentation, and object recognition. Morphological expressions are defined as a combination of image operations, the simplest of which is the operation of erosion and dilation. The morphological approach is based on the analysis of an image in terms of some predetermined geometric shape templates known as structuring elements. The manner in which the structuring elements can be embedded into the original shape by using a specific sequence of operators leads eventually to shape classification or discrimination. The morphological operators are the filters that encode the original shape for providing features needed for shape discrimination. However the structuring elements design is difficult due to its computational intractability.
Morphology Based Techniques
Morphology is biological term that refers to study of form and structure [18] . Morphological operators often take a binary image and a structuring element as input and combine them using a set operator (intersection, union, inclusion, complement) [6, 8] . They process objects in the input image based on characteristics of its shape, which are encoded in the structuring element. Mathematical Morphology refers to a branch of nonlinear image processing and analysis that concentrates on the geometric structure within an image, it is mathematical in the sense that the analysis is based on set theory, topology, lattice, random functions, etc. [18, 19] . As well as mathematical morphology is considered as a powerful tool to extract information from images [19] . Whereas erosion and dilation are considered the primary morphological operations and the operations of opening and closing are secondary operations and are implemented using erosion and dilation operations [6] . In this paper, Mathematical morphology is used for segmentation of text document image because morphological operations have following salient features [20] :
1. Morphological operations provide for the systematic alteration of the geometric content of an image while maintaining the stability of the important geometric characteristics. 2. There exists a well-developed morphological algebra that can be employed for representation and optimization. 3. It is possible to express digital algorithms in terms of a very small class of primitive morphological operations. 4. There exist rigorous representations theorems by means of which one can obtain the expression of morphological filters in terms of the primitive morphological operations. In this work mathematical morphology based document image segmentation technique is proposed which provides promising results.
Morphological Operations
Morphology technique is used to operate on images via different operations [6, 8, 13, 21] . Some of them include Erosion and Dilation, Closing and Opening, Top-hat and Bottom-hat Transform. When a morphological operation is carried out, the origin of the structuring element is typically translated to each pixel position in the image in turn, and then the points within the translated structuring element are compared with the underlying image pixel values. The details of this comparison and the effect of the outcome depend on which morphological operator is being used. If we use both opening and closing operations in a program then structuring element or morphological mask remains same for the both operation [22] .
DESIGN OF PROPOSED TECHNIQUE
In this section the design of new technique is presented and proposed as in Fig. 1 , on the basis of study and analysis. It is tried to make system more automated rather than complex structure involving many subtasks. An automated system for document analysis is extremely desirable. The research work presents the development and implementation of new automation system and a new algorithmic approach for analyzing the documents.  It is not sensitive to the contrast in the image.  It detects smudged and noisy regions.  The result of segmentation is independent of whether the input image is an enhanced image or a raw image.  It gives consistent results for a variety of images. 
ABOUT THE NIST DATABASE

Using Segment of Full Images
As the document images are scanned versions of A4 size papers, they are of very big sizes. The size of the NIST document images vary between 3000x3000 pixels to 4000x4000 pixels. It is very difficult to compare the outputs with naked eye. The distinction between the original and segmented document image is much more evident if we consider a small portion of the whole document image. This is shown in Fig. 3 . As the contents of the portion of document image are visible, one can very easily observe the intermediate results as depicted in Fig. 3b. and Fig. 3c . The final morphologically segmented image is shown in Fig. 3d . Here it is observed that segmented image is nearly same as that of original image shown in Fig. 3a. Fig. 5 shows the results after applying the morphological segmentation technique to a segment of document image Bioinfo Publications
Using Mixed mode Document Images
Moreover the text consists of varying font sizes. The proposed segmentation technique is applied to this image for various structuring elements (SE). By visually inspecting the outputs for each structuring element it is observed that promising results are obtained for SE disk and square. After comparing the results for SE disk and SE square, it is concluded that the results obtained for SE [24] . The table 2 shows the comparison of performance of these well-known techniques with the one proposed in this paper. 
